The Gram-positive bacterial genus Streptomyces has two characteristic features; one is its productivity of a wide variety of secondary metabolites such as antibiotics or other biologically active compounds, and the other is its ability to perform cellular-differentiation from substrate hyphae into aerial mycelium and spores1 '2) . These phenotypic features of Streptomyces are knownto be induced by extracellular signal molecules produced by the organism itself. For example, A-factor, a ybutyrolactone derivative, is produced by Streptomyces griseus and induces both its streptomycin production and initiation of development into aerial mycelium at a concentration as low as 10~9m3~5). Involvement of a series of A-factor analogues6) as well as some polypeptidic signals7) have been observed with secondary metabolism and morphogenesis in various Streptomyces or by paper discs without any culture filtrate. Therefore, we tested substances possibly contained in those materials, and finally found that low concentrations of Cu2+ ion fully replaced both the agar discs and paper discs to recover sporulation in these mutants. We speculated that the reason why the agar discs or paper discs themselves gave a positive response on the mutants was that the metalic cork-borers made of copper alloy used for disc preparation caused contamination with low but sufficient concentrations of Cu2+. As we expected, agar discs prepared by glass-made tubes did not show sporulation-inducing activity.
The copper-dependent bald mutants were derived at a high frequency of 2x 10"2 by UVirradiation from S. tanashiensis st-25-4. Wefurther investigated characteristics of one of these mutants, S. tanashiensis CR1. Fig. 1 P2O524WO3, NH4VO3, GeO2, Ti powder, BeSO4, SrCl2, K2PtCl6 and Na(AuCl4)] did not show activity. These results indicate that copper is the unique factor that causes the stimulatory effects on both antibiotic production and sporulation in S. tanashiensis. When S. tanashiensis CR1 was cultured aerobically in liquid BENNETT's-glucose medium, no sporulation occured but antibiotic production was observed. As shown in Fig. 2 , the exogenous CuSO4 markedly enhanced antibiotic production without affecting cellular growth using concentrations between 10nM and 700/iM. The endogenous concentration of Cu2 + in BENNETT's-glucose medium was found to be approximately 3 nM by atomic absorption analysis (Plasma Spectrometer SPS1200VR, SEIKOInstruments Inc.). Therefore we conclude that the minimum concentration of Cu2+ for the stimulatory effect is between 3 to 13 nM. Inhibition of cellular growth was observed with 1 mMand higher concentrations of CuSO4.The antibiotic measured in this experiment was extracted with ethyl acetate. Although S. tanashiensis type strain is known to produce luteomycin8), we do not have reliable information on the chemical structure of the antibiotic produced by this strain.
Wespeculate that the CR1strain is a mutant lacking the ability to transport and accumulate copper into the cell, which might be reqired for a regulatory component to induce both antibiotic production and sporulation. Kieser et al.9) reported that addition of 2fiM of Cu2+ to media improved sporulation of Streptomyces lividans 66. We also observed with several strains including S. griseus and S. coelicolor, that acceleration and elevation of both secondary metabolite formation and sporulation were caused by the addition of Cu2+ into the media. We speculate that Cu2+specifically plays a crucial role for which copper is assumed to exert its effect through the activation of phenol oxidases. Further analysis will elucidate whether a similar mechanism is widely distributed amongStreptomyces.
